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Abstract 
Currently, fly ash is the most popular mineral admixtures. However, the biggest 
weakness of fly ash is low early pozzolanic activity, which limits its mixing amount in 
concrete required high early strength. In response to the problem, by using physical 
and chemical compound excitation technique, our research group has independently 
developed a new kind of fly ash-based composite mineral admixtures which mainly 
consist of fly ash, with a small amount of granulated blast furnace slag and FJ 
complex fly ash activator. The composite mineral admixture is featured with low 
water demand ratio, high early strength, simple preparation and low production costs. 
But its basic properties and action mechanism in concrete are unclear, especially the 
best mixing amount in concrete and effects to workability, compressive strength and 
durability of concrete need to be studied. In this paper, by a series of related 
experimental research, the obtained research results are outlined as following: 
(1) Fly ash-based composite mineral admixtures with low water demand ratio 
and high activity index can be used as a high-quality fly ash and also replace theⅡ 
ground slag or S95 ground slag. It is an effective solution to the problem of low 
activity in early-age and high water demand ratio of ordinary fly ash. 
(2) When the equivalent replacement of cement is not greater than 60%, C30 and 
C60 concrete with fly ash-based composite mineral admixtures exhibit excellent 
workability and compressive strength, in particular compared with reference concrete, 
early-age strength of them are significantly improved. Meanwhile, the ability of 
resisting chloride ion penetration has been significantly improved. In addition, the 
shrinkage of concrete in early-age is also reduced. The results show that using fly 
ash-based composite mineral admixtures in middle and high strength level concrete 
can replace part of the cement, reduce the cost of concrete, be environmentally 
friendly, meanwhile significantly improved the workability, mechanical properties and 
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 (3) By means of these microscopic measurements such as Electron Probe, X-ray 
Diffraction and Scanning Electron Microscopy, this paper analyses the granule 
morphology, mineral composition and chemical composition of fly ash-based 
composite mineral admixtures and its hydration products, studies the action 
mechanism of fly ash-based composite mineral admixtures in concrete. The results 
showed that the action mechanism of fly ash-based composite mineral admixtures in 
concrete can be attributed to three basic effects, namely “morphology superposition 
effect”, “cascade activity superposition water-reducing effect”and “double dense 
packing effect”. 
 (4) By using classic Andreasen continuous particle packing theory to calculate 
the particle size distribution of fly ash-based composite mineral admixtures, result 
shows the particle size distribution of composite mineral admixtures is very closed to 
the ideal state. 
 (5) The appropriate mixing amount of fly ash-based composite mineral 
admixtures in concrete is 30% to 60%. The composite mineral admixtures can be used 
for the preparation of high performance concrete, high strength concrete and 
ready-mixed concrete, especially for high durability concrete under marine 
environment. 
 
Key Words：Fly ash-based composite mineral admixtures；Concrete；Mechanism； 
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能从根本上解决问题[1]。2010 年，我国水泥产量 18.68 亿吨，如果以等质量替代


















































































1.3.1.1 根据 CaO 的含量分类 
（1）低钙粉煤灰：燃烧烟煤、无烟煤所得到的粉煤灰，因 CaO 含量较低（小
于或等于 10%），故称之，GB/T 1596-2005《用于水泥和混凝土中的粉煤灰》称
之为 F 类灰。我国粉煤灰多属此种，应用技术也较成熟。 
（2）高钙粉煤灰：燃烧褐煤、次烟煤所收集到的粉煤灰，因 CaO 含量较高
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